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HIGH SPATIAL RESOLUTION

in X-RAY FLUORESCENCE

John D. Zahrt

Applied Theoretical Physics Division

Los Alamos National Laboratory

NTRODUCTION

During the past eight years or so there has been growing interest in
ming a polarized x-ray source in energy dlsperalve xaray fluorescence
,pect.rometera(l ,2,3,4). The effect 1s to annihilate the source x raya
lefore they scatter into the detector, thus significantly increasing the
,lgna: to noise ratio.

Both characteristic or Bremsstrahlung radiation can be polarized by
IO” scattering frcm crystals (Bragg angle = 45°) or from amorphoua materials
eapectivelym This 900 polarizing scatter event 8reatlY reduces the
Unpolarized source radiation. In an effort to regain some intenalty use la
lade of concave surfaces to ‘Itllize a manifold of’ beams (5,6,7). The case
lf a Johann polarizer has been discussed (8,9,10). The Johanason geometry
11) has been ignored because it 1s a highly focuased gOOUIOtr)’. Sample

anogenelty would thus be a problem. However, interest has now ●riaen
‘oncernlng the measurement of sample lnhomogenelties (12) and the Johansson
Ievice may find a new application. It should be mentioned that while it 18
ot necessary to polarize the x rays to use Joharmon goofnetry, the
lolarlzing geanetry deed offer Che greateat dlatance between tne x-ray
ource and the sample, This may be important to the design of a functional
nstrument. This paper 18 an effort to explore some of the potentials ●nd
rablems of using Johanason geometry in an EDXRFspectrometer.

The kinematic theory of x“ray diffraction la ueed with a mosaic model
lf an imperfect crystal. The parameters inherent in the mosaic model ●re
uch that the results presented herein ●re more retrodiotive than
redictive. The results point ❑ore toward potentialltlm than a Specific
xperiment. It should be noted however, that the mosaic parameters can be
easured with a little effort (13).

Finally once the diffracLlon llne shape, or intenalty profile, on the
ample 18 determined, the elsnal acroaa varioue concentration #radienta will
e determined to a first approximation.

EOMETHY

The sch~matlc geunetry is stiown in Fig. 1. The crystal is flrat ground
o ● radlua R and then bent to ● radlue of 2R. Thio crystal then sits on
he (conceptual) Rowland circle of radius R deflr?ed by the centers of the
ource, s, and analyte, A, ●nd the point O. S and A are on a diameter for
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e case discussed herein but when used as spectrometer, S and A need only
symmetrically positioned.

Every ray r. from S to the ground portion of the crystal has a QB -

0 and the angle SPA 1s always 90° insuring the aspects of’ diffraction and
larization.

A weighting factor, sin GB /ro2 is also desired. The dot product of r.

th the plane normal, n, (a unit vector) gives r. sin OB and calculation

ve3

sin O /ro2 -[ Rcos ~ + Rsin ~ + o(cos E - sin ~)/42]/

[2r~ + 02 2R?sin 2~ + 2RO!COS E * sin g * 1)//2]3’2 (1)

The last gecmetric consideration of concern 1s, where on the sample 1s
e diffraction line, from the ds region about s, cantered? For the
hnsson case it is always at z - 0.

TENSITY PROFILES

In this section I wish to present the intensity profiles for the
hansson hnd Johann (for comparison) polarizer. These profiles should be
perimentally obs~rvable (e.g. by replacing the analyte by a piece of
orographic film). Comparison of the experimental profi16 with that
lculated here offers one test of the model.

If the source 18 finite in extent, each scattering point P will be
thed by photons with a small but finite range of lnci~ence angles. These
n interact with a number of mosaic blocks on the arc length da. The
sale structure will broaden the focus at A by some emall amount. It is
sired to know just how much broadening there will be and to know the
tensity profile along the line OA and is extension.

Let radiation of source intensity 10 be incident on the crystal with an

gle of incidence O (measlJrcd between the tangent to the crystallographic
ane and the direction of incident radiation ro). The lncldent radiation

D a normalized dlstrlbutlon function in y, D(y,s), where y - G * OB and s

2R~, and a weight of aln o /ro2. The radlatlon la pictured as

countering many moaalc blocks along the interval ds. The moaalc blocks
ve u normalized dletrlbutlon function W(A) over A, the angle betueen the
rface of the mlcroaooplc block and the macroacoplc crystallographic plane.
ch mosaic block 1s perfect and has a reflectivity of PH(Y). Tho

f’lectivlty from II ds region aentered on s 1s

do(y,s)-lo sln o /ro2 t)(y,a) dy ds / P}.!v-A) N(A) dA. (2)
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Now I assume that the absorption and extinction by the crystal are
llgible so that da(y,s) is the line shape of the diffraction line caused
the mosaic blocks in a ds neighborhood about s (13). D(Y,s) -n be taken
be square wave in shape and broad compared to W(y). since the PH

ction is generally C@te narrow compared to U, the A integration yields
thout concern of the shape of PH)

dU(y,s)-Io sin O /ro2 w(y) RH ds dy (3)

re RH is the area under PH(Y). Eqn. 3 is to be evaluated numerically.

At the sample, y can be related to z by y = z/rd. (Throughout this

er the sample surface is Sasumed to be normal to r .d This iztroducea

11 error in the pro~iles presented.) Thus z 1s to be fixed and the
erlcal integration over s can be performed.

Parameter values used throughout are R=l.5 cm, n=O.001 rad and ●

a

)ls~so.ool. These are just the values used in (10). The function W(d)
taken to be a normallz>d Gaussian function of standard devlaLion n.

Johansson intensity profile is shown in Fig. 2. The shape is
mtially Gaussian with a FWHJ4of 0,0018 cm. Keep in mind that the FWHM
nearly a linear function of R.

Although the geometry is different for the Johann case, sin ~ /ro2 is

dlffi~.lt to calculate and Eqns. (2) and (3) still hold. The new
~lem is that the center of the diffraction line an the ample, from the
!,egion about S, is itself a fwction of ‘* Once this is taken into
mnt the numerical integration is performed in like manner to the
msson case. The intensity profile is shown in Fig. 3. It is much
ader than the Johansaon caae and noticeably Symmetric. The dashed llne
the figure portrays the “density” of the diffraction line centers. This
first published by Johann (8).

iDARYEFFECTS

lf the diffraction line has finite width, concentration gradients will
be faithfully reproduced by gradients in the signal as the sample is

med. In particular, assuming the signal at a point, S(zo), to be

>ortlonal LO the concentration of the w?lyte at that point, C(zo), times

intensity at that point, l(zO) then

S(ZO) - k j C(Z) I(Z-ZC) dz (4)

) equation ignores the divergence of the diffraction beam and assumes
:entration 1s not a function of depth in the sample. No matrix effects
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or interelement effects are considered although some very interesting
e? fecta and problems could likely be constructed.

I will consider four illustrative exampl~ in concentration gradient;
a) step function, b) linear gradient, c) exponential gradient and d)
:ausslan gradient. The intensity function will be taken to be Gaussian, as
~as shown to be the case with the Johansson geanetry.

k~ch the parameters a-l cm. and n-O.001 rad. graphs of’ these four
:ases are 8hown in Figs. 4“7 as S versus z. It is apparent that the broader
Lhe Concentration gradient (relative to the intensity profile) the closer
the signal ❑aps the cmcentration. The presence of discontinuities of the
concentration gradient also causes some relatively unfaltnful mapping.

In general one will be faced with solving the deconvolution problem of
eqn. (4) for c(z) given S(zo) and I(z-zo). This problem is, ❑athematically

speaking, a Fredholm equation of the first kind. These problems are often
ill-posed, ill-conditioned and underdetermined. Although numerous codes
exist to solve these kinds of problems, the problems themselves are still
nasty.

CONCLUSIONS

Johansson geometry 1s a focusslng geometry as far aa ray analysis is
zoncerned. However, given the mosaic nature of real diffracting crystals,
Che intensity profile of a Johansson system may have appreciable intensity
Over 20 micrcms or so. flaking the diffracting crystal as perfect as
possible, in spite of the grinding and bending, will reduce the spot size.
rhls will likely require anneallng of the crystal. Making the system close
:oupled (R small) would also give smaller spot size but there would be
%reater divergence from the point of focus. In this case depth effects
:ould be troublesome. There may also be trouble in MeCh6tnlCally gettirig the
~“ray source, diffracting crystal, sample and detector all together in a
zloae coupled system. Although there is no necessity in having the Bragg
ingle 45°, thus opening the door to ❑any ❑ore diffracting crystals which may
Oe ❑ore efficient for a given characteristic energy, the polarization
Jeometry does offer the greatest distance between the source and sample.

Another problem lies in the fact that I have been discussing
:haflacterlatic x rays only. Such a monochromatic source mibht not be very
:fficient for broad band analyses.

The collimated system reported by Nichols and Ryon (12) overcomes some
)f these problems but perhaps at some loss of total intensity due to the
Jmall collimator size.

Mlth regard to boundary effects, I see no major problems In
lncerpreting che data. While many interesting and difficult problems have
Oeen glossed over here, problems suoh as beam divergence, concentration
Jepth effects matrix effects, etc. can all be incorporated into the simple
:heory reported here.
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